The STAT3 transcription factor is an important regulator of stem cell self-renewal, cancer cell survival, and inflammation. In the pancreas, STAT3 is dispensable for normal development, whereas the majority of pancreatic ductal adenocarcinomas (PDAC) show constitutive activation of STAT3, suggesting its potential as a therapeutic target in this cancer. Here, we sought to define the mechanisms of STAT3 activation and its functional importance in PDAC pathogenesis. Large-scale screening of cancer cell lines with a JAK2 inhibitor that blocks STAT3 function revealed a more than 30-fold range in sensitivity in PDAC, and showed a close correlation of sensitivity with levels of tyrosine-phosphorylated STAT3 and of the gp130 receptor, an upstream signaling component. Correspondingly, upregulation of the IL6/LIF-gp130 pathway accounted for the strong STAT3 activation in PDAC subsets. To define functions of STAT3 in vivo, we developed mouse models that test the impact of conditional inactivation of STAT3 in KRAS-driven PDAC. We showed that STAT3 is required for the development of the earliest premalignant pancreatic lesions, acinar-to-ductal metaplasia (ADM) and pancreatic intraepithelial neoplasia (PanIN). Moreover, acute STAT3 inactivation blocked PDAC initiation in a second in vivo model. Our results show that STAT3 has critical roles throughout the course of PDAC pathogenesis, supporting the development of therapeutic approaches targeting this pathway. Moreover, our work suggests that gp130 and phospho-STAT3 expression may be effective biomarkers for predicting response to JAK2 inhibitors. Cancer Res; 71(14); 5020-9. Ó2011 AACR.
Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of cancer death in the United States and carries a dismal 5-year survival rate of less than 5% (1) . Activating mutations in the KRAS oncogene are the defining lesion in this malignancy, present in 70% to 95% of cases (2) (3) (4) . PDAC is believed to arise from precursor lesions called pancreatic intraepithelial neoplasia (PanIN). Molecular pathology analysis of human specimens and the development of genetically engineered mouse models support a model in which PanINs proceed through multiple stages of increasingly severe cellular atypia culminating in the development of invasive carcinoma. This histologic progression is associated with KRAS activation as an early event and the subsequent step-wise accumulation of inactivating mutations in the tumor suppressors, Ink4a/Arf, p53, and SMAD4 (5, 6). As this genetic information has not yet led to the development of effective targeted therapeutic strategies in PDAC, there is considerable focus on defining additional molecular pathways driving the progression and maintenance of this disease.
The STAT family transcription factors are constitutively activated in a wide range of human malignancies (7) . STAT proteins are present in the cytoplasm under basal conditions and are activated by phosphorylation on a single tyrosine residue, which triggers dimerization and nuclear localization (8, 9) . Classically, STAT tyrosine phosphorylation is mediated by the Janus-activated kinase (JAK) family of tyrosine kinases, which themselves are activated by cytokine and growth factor receptors (10, 11) . Other tyrosine kinases, such as src, have also been reported to mediate tyrosine phosphorylation of STAT proteins (12) . The STAT proteins were originally identified as factors required for downstream signaling in response to interferon and other inflammatory cytokines (8) . Subsequent studies identified key functions for STAT proteins in the maintenance of self-renewal of embryonic stem cells and in the activation of proliferative, antiapoptotic, and inflammatory pathways to initiate and maintain growth of a number of tumor types (7, 13, 14) .
STAT3 has been identified as a key oncogenic factor in a number of epithelial malignancies and is required for oncogenesis in mouse models of skin and gastric cancers (15, 16) . In PDACs, constitutive activation of STAT3 by phosphorylation of Tyr705 has been reported in 30% to 100% of human tumor specimens, as well as in many PDAC cell lines (17, 18) . By contrast, this pathway is inactive in normal pancreas, and correspondingly STAT3 is not required for pancreatic development or homeostasis, as shown by conditional knockout studies in mice (19) . Several lines of evidence suggest that aberrant activation of STAT3 in PDAC is functionally important. First, STAT3 is required for the process of acinar-toductal metaplasia (ADM)-thought to be an early event in PDAC pathogenesis-upon ectopic expression of the Pdx1 transcription factor, a key regulator of early pancreatic development (20) . In addition to this potential role in early PDACs, STAT3 has been suggested as a therapeutic target in established PDAC since examination of a limited number of cell lines for the impact of chemical STAT3 pathway inhibitors and dominant-negative STAT3 constructs has shown that the pathway may contribute to the proliferation of some PDAC cell lines in vitro and the tumorigenicity of some PDAC xenografts (17, 18, 21, 22) . These data support the need for more detailed studies to define the basis for STAT3 activation in PDACs and to rigorously establish specific roles for STAT3 in the initiation and progression of PDACs in vivo.
In this study, we examined the sensitivity of a large series of PDAC cells lines to pharmacologic STAT3 inhibition and defined biomarkers of sensitivity as well as key upstream activators of the pathway in this cancer. We also employed genetically engineered mouse models to determine the impact of genetic inactivation of STAT3 on the progression of PDACs. Collectively our results show that upregulation of the glycoprotein 130 (gp130) receptor and strong STAT3 phosphorylation point to a subset of PDACs that are highly sensitive to pharmacologic inhibition of the JAK2-STAT3 pathway, and that STAT3 plays an important role in driving PDAC progression at multiple stages of pancreatic tumorigenesis in vivo, thereby supporting STAT3 as a potential therapeutic target in PDACs.
Materials and Methods

Cell lines
PDAC cell lines were grown in DMEM/F12 (GIBCO) with 10% FBS and assayed in DMEM/F12 with 5% FBS and were obtained from the MGH Center for Molecular Therapeutics (CMT), which conducts routine cell line authentication testing by SNP and STR analysis. For drug sensitivity studies, data from over 500 solid tumor cell lines were obtained from the CMT drug screen database (23) . Viable cell titer relative to untreated cells was determined using Cell Titer Glo assay (Promega). For apoptosis assays, cells were stained with propidium iodide and Annexin V Cy5 (Biovision) according to the manufacturer's protocol and assayed on a LSRII flow cytometer (BD Biosciences).
Mouse strains and histologic analysis
The Pdx1-Cre transgenic mouse strain, the LSL-KRAS G12D knock-in mouse strain, and the STAT3 lox/lox mouse strain have been previously described (24) (25) (26) . These strains were intercrossed to produce the experimental cohorts. Pancreata isolated from 12-week-old mice were analyzed in blinded fashion by a single pathologist (V. Deshpande) to determine the percent of each pancreas occupied by ADM or PanIN lesions.
Pancreatic ductal cells
Pancreatic ductal cells where isolated from 9-week-old Pdx1-Cre;LSL-KRAS G12D mice as previously described (27) 
Molecular analyses
Western blotting was conducted using standard methods. Immunostaining was conducted using standard methods on formalin-fixed, paraffin-embedded tissues. After deparaffinization slides are washed with 9.83% NaCl for 3 minutes followed by a PBS wash and a wash in distilled water for 5 minutes. Antigen retrieval was carried out with pressure cooker (2100 Retriever, PickCell Laboratories) and R-Buffer A (pH6.0, Electron Microscopy Sciences).
Orthotopic tumor model
SCID mice (C3SnSmn.CB17-Prkdc scid /J, Jackson Labs) were subjected to general anesthesia according to MGH SRAC policies. Orthotopic injections of the pancreas were carried out as previously described (29), using 2 Â 10 4 Pdx1-Cre;LSL-KRAS G12D pancreatic ductal cells suspended in 50 mL of Duct Media (27) , mixed with 50 mL of Matrigel (BD Biosciences).
More detailed Materials and Methods are presented in the Supplementary files, online.
Results
Phospho-STAT3 levels predict the sensitivity of PDAC cell lines to JAK2 inhibition Previous studies of a limited number of human PDAC cell lines have shown that subsets are sensitive to pharmacologic or genetic inactivation of the JAK2-STAT3 pathway (17, 18, 21) . To more broadly define the role of this pathway in PDAC tumor maintenance, we evaluated the drug sensitivity profile for the JAK2-selective inhibitor AZ960 across a large-scale cell line repository containing over 500 solid tumor cell lines, including 46 PDAC cell lines (23, 30) . These cell lines are characterized at the molecular level for regional changes in chromosomal copy number (SNP ChIP analysis), global mRNA expression, and common cancer gene mutations, enabling correlations of sensitivity in relation to specific molecular features. PDAC cell lines as a group showed intermediate sensitivity to JAK2 inhibition (Fig. 1A) . However, we found that a subset (20%) of PDAC cell lines displayed high sensitivity (>75% inhibition of viable cell number relative to untreated control), suggesting that JAK2 inhibitors could be useful in selected PDAC patients. To explore this possibility further, we evaluated phospho-STAT3 (P-STAT3) levels in a panel of 10 randomly selected PDAC cell lines (Fig. 1B) . While P-STAT3 could be detected in all but 1 cell line, high levels of P-STAT3 in comparison with normal pancreatic tissue were detected in 4 of the 10 cell lines; these high levels in cell lines were comparable to those observed in PDAC tissue specimens.
Notably, there was a strong correlation between high levels of P-STAT3 and sensitivity to AZ960 (Fig. 1B , and Supplementary Fig. S1 ). In cell lines with elevated P-STAT3, AZ960 inhibited cell viability in a dose-dependent manner that correlated with inhibition of STAT3 Tyr705 phosphorylation (Fig. 1C) . This was associated with downregulation of BclXL ( Fig. 1D ), an antiapoptotic protein and an established STAT3 target (30) , as well as a corresponding pronounced induction of apoptosis. By contrast, cell lines with low P-STAT3 showed no changes in P-STAT3 or BclXL in response to AZ960, and did not undergo apoptosis, suggesting that low basal levels of STAT3 Tyr705 phosphorylation in these cell lines are not due to JAK2 (Fig. 1C and D) . As expected, AZ960 did not affect STAT3 Ser727 phosphorylation (Fig. 1D) , a modification known to be JAK2 independent (31, 32) . These data indicate that strong STAT3 activation seen in a subset PDAC cell lines is mediated by JAK2 and may predict sensitivity to JAK2 inhibitors.
IL6 family cytokine signaling regulates P-STAT3 levels in PDAC cell lines
Next, we sought to establish the upstream signaling pathways responsible for STAT3 activation in PDACs. To this end, we took advantage of the genome-wide mRNA expression profiles available for our cell line repository to identify transcripts enriched in PDAC cell lines with elevated P-STAT3 levels. This analysis identified 126 transcripts associated with strong STAT3 activation. We cross-referenced this gene set with a list of 30 genes identified by a gene ontology search as positive regulators of STAT3 tyrosine phosphorylation ( Fig. 2A and Supplementary Fig. S2) . Notably, the only gene found to be present in both gene sets was the interleukin 6 signal transducer (IL6ST), which encodes membrane gp130. This protein is the common signal transducing component of the IL6 cytokine receptor family, which forms complexes with the ligand-binding receptor subunits of multiple IL6 cytokine family members (including the IL6, leukemia inhibitory factor (LIF), oncostatin M, and ciliary neurotrophic factor receptors), thereby serving as an important activator of JAK-STAT signaling (33, 34) . Significantly, the level of IL6ST transcript in PDAC cell lines was strongly correlated with the degree of sensitivity to the JAK2 inhibitor AZ960 in our large-scale cell line screen (Fig. 2B) . This effect was specific to JAK-STAT pathway inhibition, as IL6ST transcript levels showed no correlation with sensitivity to inhibitors of EGFR, MEK1/2, and IGF1R (using erlotinib, AZD6244, and AEW541, respectively; Supplementary  Fig. S3 ), pathways that are under active investigation as PDAC drug targets. While the mechanism of IL6ST upregulation in PDAC cell lines is not clear-no focal gene amplifications were detected, and STAT3 knockdown did not affect gp130 levels ( Supplementary Fig. S4 ); these data show that IL6ST transcript levels specifically predict sensitivity to JAK2 inhibition in PDAC cell lines, and suggest that IL6ST may be a key upstream mediator of JAK-STAT3 activity in this cancer.
To test directly whether IL6ST signaling regulates P-STAT3 in PDAC cell lines, cells were treated with a monoclonal neutralizing antibody to gp130, known to block signaling by multiple IL6 cytokine family members (35) . This antibody inhibited P-STAT3 in a dose-dependent manner in PDAC cell lines with high P-STAT3 levels, while only modestly affecting basal levels in low P-STAT3 lines (Fig. 2C ). Since these findings suggest that IL6 cytokine family signaling through IL6ST regulates STAT3 activation in PDAC cell lines, we evaluated the expression of IL6 cytokine family members in human PDAC, in comparison to normal pancreas. Consistent with our cell line data, IL6ST transcript levels were significantly increased in PDAC, relative to normal pancreas, whereas levels of IL6R and LIFR/CD118 were not upregulated in PDAC tissue. Transcript levels of IL6 cytokine family ligands IL6 and LIF were also significantly increased in PDAC, relative to normal pancreas. Thus, upregulation of gp130 and IL6/LIF are likely to contribute to STAT3 activation in human PDACs.
STAT3 phosphorylation is observed at multiple stages of KRAS-induced pancreatic tumorigenesis
Since some PDAC cell lines appear to be highly dependent on STAT3 activity, we chose to explore the contributions of STAT3 to different stages PDAC evolution in vivo. First, we sought to establish the tyrosine phosphorylation status of STAT3 at different stages of PDAC pathogenesis. We employed a genetically engineered model of multistage tumor progression (Pdx1-Cre;LSL-KRAS G12D mice) in which activation of an oncogenic KRAS G12D allele in the pancreas results in gradual formation of ADM and PanIN lesions. PanINs progress to PDAC with long latency ($1 year), which is greatly accelerated by genetic inactivation of the p53 or Ink4a/Arf tumor suppressor loci (24, (36) (37) (38) . Immunofluorescence analysis showed that P-STAT3 staining was undetectable in normal pancreas. By contrast, nuclear P-STAT3 expression was present at all stages of PDAC progression, with robust staining observed in both ADM and PanINs (Fig. 3A and B) as well as in fully developed invasive PDAC, consistent with elevated P-STAT3 levels in tumor tissue seen by western blot analysis (Fig. 1B) .
At each stage of tumorigenesis, there was also evidence of sporadic P-STAT3 staining in the stromal tissue. Thus, STAT3 activation occurs at the earliest stages of pancreatic tumorigenesis and is maintained in invasive cancers, implying possible roles for STAT3 in both tumor initiation and in continued propagation of advanced PDAC. Additionally, the staining pattern may indicate functions of STAT3 in both the tumor epithelium and stroma.
Loss of STAT3 reduces ADM and PanIN formation induced by oncogenic KRAS
ADM is the earliest change observed in models of KRASinduced pancreatic oncogenesis and is a potential precursor to PanIN (39, 40) . Based on the expression pattern of P-STAT3 in these lesions, we examined the requirement of STAT3 in early pancreatic tumorigenesis by crossing Pdx1-Cre;LSL-KRAS G12D mice with mice containing a conditional STAT3-knockout allele (STAT3 lox ). The gradual accumulation of ADM and PanIN and long latency for formation of invasive PDAC in the Pdx1-Cre;LSL-KRAS G12D model makes it ideal for evaluating early stages of tumorigenesis. Pdx1-Cre;LSL-KRAS G12D ; STAT3 lox/lox mice exhibited complete loss of P-STAT3 and total STAT3 in the pancreas ( Supplementary Fig. S5A and B) , indicating effective Cre-mediated recombination. Consistent with previous reports, the pancreas of Pdx1-Cre;STAT3 lox/lox mice developed normally, and these mice did not show any evident physiologic alterations (Fig. 4A) . We isolated pancreata from Pdx1-Cre;LSL-KRAS G12D ;STAT3 lox/lox mice or from Pdx1-Cre;LSL-KRAS G12D ;STAT3 lox/þ controls at 12 weeks of age and quantified the extent of pancreatic lesions (see Methods). At this time point, control mice showed extensive ADM and PanIN formation (Fig. 4A) , resulting in largely distorted pancreatic architecture. By contrast, in mice with STAT3 ablation, the majority of the pancreas had normal structure with only sporadic foci of ADM and PanIN. Correspondingly, the formation of ADM and PanIN was reduced 2.4-fold (P ¼ 0.01) and 6.6-fold (P < 0.001), respectively, in Pdx1-Cre;KRAS G12D ; STAT3 lox/lox mice, relative to controls ( Fig. 4B and C) . Thus, STAT3 plays a critical role in the robust formation of ADM and PanIN induced by oncogenic KRAS. While STAT3 ablation did not completely eliminate formation of these lesions, it led to a greatly attenuated ADM/PanIN phenotype.
Previous work has suggested a link between STAT3 and ADM. In a transgenic mouse model of ADM driven by persistent pancreatic expression of Pdx1, genetic inactivation of STAT3 can block ADM (20) . Our data suggest that loss of STAT3 can also inhibit ADM in the more physiologically relevant setting of KRAS activation. The loss of polarized epithelium and reduced cell contacts associated with ADM may create a permissive environment for further processes of cellular transformation. Therefore, it is possible that the involvement of STAT3 in KRAS-induced pancreatic tumorigenesis could be restricted to its role in the formation of these very early lesions. The associated reduction in PanINs could thus simply reflect decreased frequency of ADM precursors, whereas STAT3 maybe dispensable for continued pancreatic tumorigenesis once ADM has occurred. To begin to answer this question, we examined proliferation rates of ADM and PanIN lesions that formed in STAT3-null and control pancreata. Notably, STAT3 ablation resulted in significantly reduced levels of proliferation, as assessed by Ki-67 staining, in both ADM and PanIN lesions (Fig. 5A-C) , indicating a continued role for STAT3 in the proliferation and progression of early pancreatic lesions, even after ADM has occurred. An ongoing role for STAT3 in pancreatic tumorigenesis is consistent with the persistent expression of P-STAT3 observed at multiple stages of tumorigenesis, including PanINs and fully developed PDAC (Fig. 3A and B) .
STAT3 is required for the progression to invasive PDAC
We next sought to determine the role of STAT3 in the progression to advanced PDAC. To this end, we isolated pancreatic ductal cells from 9-week-old Pdx1-Cre;LSL-KRAS G12D mice. These cells are not tumorigenic upon orthotopic injection into recipient mice, whereas shRNA-mediated inactivation of p53 enables these cells to rapidly progress to form invasive PDAC. To examine the effect of STAT3 loss on the tumorigenic potential of KRAS-shp53 ductal cells, we used 2 shRNA constructs targeting STAT3, which led to varying degrees of STAT3 knockdown and caused a marked decrease in the proliferation of KRAS-shp53 ductal cells, compared with control shRNA (Fig. 6A) . When these cells were injected orthotopically, expression of shSTAT3 dramatically reduced PDAC formation compared with control shRNA, reducing the tumor volume from 2.9-fold (shSTAT3-1) to 11.5-fold (shSTAT3-2), consistent with the degree of STAT3 knockdown produced (Fig. 6B  and C) . The tumors that formed from shControl cells showed mainly features of moderately differentiated and poorly differentiated PDAC (Fig. 6D, top left) , with only focal areas of PanINs. By contrast, the small tumors that form upon STAT3 knockdown showed a higher proportion of PanIN in addition to regions of moderately differentiated PDAC (Fig. 6D, bottom left) . Immunofluorescence analysis confirmed that the shSTAT3 tumors lacked detectable STAT3 expression (Fig. 6D, middle) . Notably, Ki-67 staining analysis of areas of invasive cancer showed that the shSTAT3 PDAC had a more than 3-fold reduction in proliferation rates (P < 0.001; Fig 6D, right and chart) . Thus, reduction in STAT3 expression attenuates progression to invasive PDAC, and impairs the growth of the tumors that ultimately form. Collectively our studies show that STAT3 is an important component of the molecular program driving PDAC progression and identify critical roles of this transcription factor at multiple stage of disease pathogenesis. 
Discussion
PDACs carry extremely poor prognosis, and, in contrast to recent advances in several other common epithelial cancers, studies to date have not defined molecular features in PDAC patients that predict sensitivity to specific targeted therapies. Here, by systematic screening of more than 500 cancer cell lines-including 46 derived from PDAC-we identified a subset of PDAC cell lines with high sensitivity to JAK2 inhibition, and showed that this subset is characterized by activation of the gp130-STAT3 pathway. Importantly, we validated the functional role of STAT3 in PDAC pathogenesis in vivo. In keeping with the pronounced activation of STAT3 seen in ADM and PanIN in tissue specimens, genetic inactivation of STAT3 dramatically reduced both ADM and PanIN formation driven by oncogenic KRAS (Fig. 4A-C) . Moreover, STAT3 inactivation blocked malignant progression to invasive PDAC despite concurrent knockdown of p53 in these cells (Fig. 6C and D). Thus, our data support a critical requirement for aberrant activation of STAT3 at multiple stages of PDAC initiation, progression, and maintenance. Importantly, several JAK2 inhibitors are in advanced clinical development (41) , and our studies suggest the potential of using levels of P-STAT3 and gp130 as biomarkers for patient selection in future clinical trials for PDAC using these compounds. P-STAT3 is first detected in ADM (Fig. 3A) , the earliest preneoplastic lesions arising in KRAS-driven PDAC models (40) . Correspondingly, while STAT3 is completely dispensable for normal pancreatic development and function, its loss dramatically reduces formation of ADM induced by oncogenic KRAS (Fig. 4A and B) . This requirement for STAT3 in KRASinduced ADM is consistent with previous data showing the importance of STAT3 for ADM induced by aberrant pancreatic expression of Pdx1, a homeobox transcription factor that controls the specification and expansion of early pancreatic progenitors in the embryo (20) . In addition to facilitating ADM formation and ensuing development of PanIN, activated STAT3 has an ongoing role in sustaining PanIN proliferation and progression to PDAC, and in the viability of a subset of PDAC cell lines. The broad requirement for STAT3 at early stages of PDAC tumorigenesis and its more restricted role in established PDAC cell lines suggest that STAT3 may have temporally specific functions during tumor evolution. STAT3 regulates several processes that potentially contribute to tumorigenesis, including subverting cellular differentiation programs, controlling energy metabolism, regulating an inflammatory transcriptional program, and promoting cellular survival (7, (42) (43) (44) (45) . The early role of STAT3 in ADM driven either by oncogenic KRAS or by the aberrant expression of Pdx1, may reflect a requirement for STAT3 in developmental reprogramming as is observed in glioma (45, 46) , whereas, alternate processes may be operative in more advanced lesions that harbor additional gene mutations. Although additional investigation will be required to define functions of STAT3 in evolving PDAC, the marked inhibition of cell proliferation and survival upon STAT3 knockdown in KRASshp53 ductal cells and treatment of PDAC cells with the JAK2 inhibitor shows a key cell autonomous role for JAK-STAT3 signaling.
STAT3 is activated by numerous growth factor and cytokine signaling pathways as well as by oncogenic RAS (7, 34, 43) . Despite the prevalence of oncogenic KRAS mutations in human PDAC, they do not appear to contribute to STAT3 tyrosine phosphorylation in this setting since shRNAs targeting KRAS did not reduce P-STAT3 levels in PDAC cell lines (data not shown). Rather, our data show that high levels of P-STAT3 seen in about 40% of PDAC cell lines are due to differential expression of the gp130 receptor. In particular, P-STAT3 and gp130 levels showed a close correlation, and gp130 blocking antibodies specifically extinguished STAT3 tyrosine phosphorylation in the subset of PDAC cell lines showing strong activation of the pathway. We also observed increased gp130 expression in human PDAC relative to normal pancreas. Gp130 is a component of the IL6 receptor complex, and consistent with the importance of this pathway, its ligands, LIF and IL6 were also prominently elevated in human PDAC tissues. The data in cell lines indicate an important role for autocrine signaling for STAT3 activation in established PDAC, however, our findings also suggest a potential mechanism linking inflammation with ADM and pancreatic tumor initiation. ADM is observed under conditions of chronic inflammation, such as chronic pancreatitis, and chronic pancreatitis is a risk factor for PDAC (47, 48 ). It appears likely that release of cytokines, particularly members of the IL6 cytokine family, during inflammatory conditions may lead to activation of STAT3 and may cooperate with mutated KRAS to promote ADM and PanIN formation.
In summary, our findings in mouse models and human cell lines support the therapeutic targeting of STAT3 signaling in PDAC and indicate that JAK2 inhibitors may have utility in this cancer. Recent clinical successes with targeted therapies directed at subsets of solid tumors harboring specific genetic or protein biomarkers, such as mutations in EGFR, ALK, or BRAF or amplification/overexpression of HER2 have created a paradigm for personalized approaches to cancer therapy (49) . It is possible that P-STAT3 or IL6 cytokine family signaling could serve as biomarkers to guide similar approaches to applying therapies targeted against the STAT3 pathway in PDAC. The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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